Abstract
Implications

Introduction
61
Lameness adversely affects economic returns within the poultry industry (Su et al., 62 1999), particularly through contributing to increased culling rates and mortalities.
63
Lame birds also self-select more food containing the painkiller carprofen than non-64 lame birds, suggesting that the condition is associated with pain and is therefore an 65 animal welfare issue . Artificial selection for increased feed 66 conversion and rapid growth rate appears to be a salient factor in the development of 67 lameness in commercial broiler chickens (Kestin et al., 1992; Fanatico et al., 2008) .
68
This may be through direct effects of rapid growth on bone health (see Julian, 1998 ; may spend up to 80% of their time lying down . This lack of 72 activity has been linked with abnormal bone development and leg conformation 73 (Kestin et al., 1992; Reiter and Bessei, 1998a,b) , and may therefore also negatively 74 impact on the walking ability of birds. In addition, the presence of contact dermatitis lesions has been linked with inactivity and may also adversely affect the movement 76 of birds (Harms and Simpson, 1975; Hester, 1994) . 77 Environmental enrichment has been posited as a way in which activity levels may be and stepping on to and over these barriers contributed to this effect. Perching may 86 also reduce the amount of time birds spend in contact with wet litter, and may 87 therefore reduce the incidence or severity of contact dermatitis lesions (Su et houses and the temperature within all houses was 33 • C at day 1, and dropped 2 129 degrees each week until day 21 of the rearing cycle..
130
All birds had access to natural light from day 4 of the rearing cycle. This was 131 provided through 46 windows per house (measuring 220cm wide x 60cm high) which 132 were located at a height of 1.5m along the length of the 2 'long' sides of the house.
133
Windows comprised double glazed, toughened glass. These windows were Identical light fittings were used in all houses (4ft Disano Hybro 951 IP65 fitting,
148
Disano Illuminazione UK Ltd., UK) and were suspended from the ceiling by a pulley 149 system. Thirty straw bales, comprising short chopped straw wrapped in plastic, each 151 measuring 800 x 400 x 400 mm, were supplied in each house from day 10 of the 152 rearing cycle. These were dispersed as evenly as possible throughout the house.
153
Bedding comprised of wood shavings and was placed in the house prior to the birds 154 arriving. Sixty-six kilos of wood shavings were supplied per thousand birds.
155
Additional sawdust was added to specific areas of the houses when deemed 
Use of enrichment
248
A video camera placed on a tripod was used to record behaviour directed towards 249 enrichment. Perch recordings took place during the following time periods: 0900 to 1000 hours, 1100 to 1200 hours, 1300 to 1400 hours and 1500 to 1600 hours. String 251 recordings took place on the same day during the following time periods: 1000 to 252 1100 hours, 1200 to 1300 hours, 1400 to 1500 hours and 1600 to 1700 hours. 
315
Normally distributed data on behaviour and leg health, collected during weeks 3, 4 316 and 5 of the rearing cycle, were compared using ANOVA with 'string*perches*week' 317 as treatment factors and significant differences between weeks were ascertained 318 using Tukey HSD post hoc tests. Normally distributed data on the use of string were 319 analysed using perches*week as treatment factors, and data on the use of perches 
Results
334
Environmental parameters
335
There were no significant differences between treatments in light intensity (+S 62.9, - 
Flight distance
364
Provision of string and perches had no significant effect on the flight distance of 365 birds. However, there was a significant effect of age on flight distance, with average 366 flight distance decreasing across weeks (Table 2) .
368
Reaction to a novel object
369
Neither the provision of string or perches had a significant effect on the latency to 370 touch a novel object or on the number of birds clustered within 50 cm of the object at 371 300 s (Table 2 ). There was no significant effect of string or perches on the number of 372 birds that touched the object within 60s of the first touch occurring (ranked means:
373
+S 25.4, -S 23.6, χ²(1, N = 48) 0.25; ranked means: +P 24.6, -P 24.6, χ²(1, N = 48) 374 0.00). Age had a significant effect on the latency to touch a novel object, on the number of birds within 50 cm of the novel object at 300 s (Table 2) 
R.M.S.E 0.2 s).
392
There was a significant effect of age on the frequency of string pecking per 
Leg health
419
Neither the provision of string or perches had a significant main effect on gait scores 420 (Table 2) . There was however an interaction between age and string on average gait 421 scores, with +S birds displaying lower gait scores than -S birds during weeks 3 and 422 5 but not during week 4 (week 3: +S 0.7, -S 0.9, week 4: +S 1.5, -S 1.4, week 5: +S 423 1.9, -S 2.0, R.M.S.E. 0.13, p=0.048). There was no significant effect of string or 424 perches on latency to lie, however there was a significant effect of age on this parameter (Table 2) , with latency to lie decreasing across weeks. Treatment had no 426 effect on the numbers of leg culls recorded between days 1 and 30 of the rearing 427 cycle or on the total incidence of hock burn and podo dermatitis recorded during 428 thinning and clearing (Table 3) . Van et al., 2000) and was probably due to the 466 increase in ease with which birds could access perches as they grew.
467
The average bout length of perching was short at just under 2 min. Genetic selection 
479
The provision of string and perches had no significant main effect on activity levels were recorded between treatment groups. Therefore it is unlikely that minor 505 variations in these factors were sufficient to affect activity levels.
506
Provision of string and perches had no significant effect on measures of fearfulness.
507
This may have been due to individual differences in access to enrichment stimuli 
518
Previous studies have shown mixed effects of perches and barriers on leg health, 519 with several studies reporting no effect of perches on gait score (eg. Bessei, 1992b; However, although statistically significant, the difference in locomotion score 535 between treatments was numerically small. This, coupled with a lack of effect on 536 latency to lie behaviour, suggests that the effects of string provision on leg health 537 were not strong. In line with the results of previous studies (eg Simsek et al., 2009) , 538 culls performed for reasons other than leg problems, mortality and slaughter weights 539 were unaffected by the provision of string and perches, indicating that the provision 540 of these types of enrichments in these amounts had no negative effects on 541 productivity.
542
In conclusion, the results of this study confirm that broiler chickens housed in 543 commercial windowed houses use perches and string when they are provided. The 544 level of usage observed suggested that they were attractive to birds and thus had in the vicinity of and away from enrichment items) would be useful in future studies.
558
The provision of perches did not appear to be an effective tool to improve leg health 559 under the 'real world' conditions used in this study. It is clear that careful 560 consideration needs to be given to their design and layout if this is the key goal in 561 their provision within windowed houses.
563
Table 1 Replication of treatments across cycles and houses
Cycle
House 1 House 2 House 3 House 4 1 +S+P +S-P -S+P -S-P 2 -S-P -S+P +S-P +S+P 3 -S+P -S-P +S+P +S-P 4 +S-P +S+P -S-P -S+P +S = provided with S, -S = no access to string, +P = provided with perches, -P = no access to perches 4.1 0.5 0.5 <0.01 ¹No. of birds within 50cm of novel object at 300s. +/-S = presence or absence of string, +/-P= presence or absence of perches for all behaviours (df 1, 47). Means are presented for each treatment. Data not represented here are subject to an interaction effect. Data analysed by ANOVA with 'String*Perches*Week' as a treatment factor and 'Cycle' and 'House' as blocking factors. All measures recorded during weeks 3, 4 and 5 of the rearing cycle.
a,b means in the same row with a different superscript differ significantly 
